Abstract-The experimental platform designed in this paper can simulate process of the ATL machine, including variable rates and forces the composite prepreg tape laid up. Thanks to the closed loops, the platform is able to ensure the accuracy of the rate and force. As the control unit of the apparatus, PLC has a capacity to deal with signals to meet the needs of the apparatus, such as controlling the rate and the force the prepreg tape laid up and the safety of the platform when wrong operations occur.
INTRODUCTION
With the development of the aviation industry, especially the manufacture of the new generation of big civil aircraft, the composite materials have a rapid advance. Driven by need of higher manufacturing rate and higher quality for aerospace manufacturers, automated lay-up of prepreg has slowly replaced manual lay-up during the production of composite parts. The main methods for automated lay-up are Automated Tape Laying and Automated Fiber Placement. One kind of the ATL machines is shown in Fig.1 . ATL machines use a continuous spool of composite prepreg and a robotic arm to apply individual plies of prepreg to a pan or substrate in the desired fiber orientations. Equipped with a round application roller, the robotic arm brings the prepreg into contact with the part at some rate and force to accomplish the placement of the composite prepreg.
In order to ensure the quality of the productions, the composite prepreg must have appropriate tack to prevent shifting, lifting, or sliding of the laid-down prepreg. A number of variables influence the tack of the prepreg and its adherence to an underlying substrate, including the temperature at which the prepreg is laid up, the rate at which the prepreg is laid up and the force at which the prepreg is laid up, etc. So a limited range of tack differences can be accounted for by adjusting the tapelaying machine, controlling the force, the rate and the temperature described above.
In the past, each roll of prepreg would be placed in a tapelaying machine before it could be determined whether or not the parameters are appropriate. Before the lay-up of the parts, we must get the right parameters to ensure the quality of the tape laying, which results waste of the time and money in setting up the tape-laying machine.
We design this experimental platform to simulate the lay-up of the automated tape-laying machine to optimize the rate and the force at which the prepreg is laid up. This allows a manufacturer to test each tack for optimization of the lay-up parameters and control of the prepreg quality prior to using the prepreg in a manufacturing operation.
III. PLATFORM BUILDING

A. Structure of the platform
The platform allows the prepreg to be experienced under conditions similar to those used in a tape-laying machine. This ensures the results of experiments are relevant to the specific application in which the prepreg is to be used.
One embodiment of the platform is able to vary the rate at which the prepreg is laid up. We make use of a servo-motor to drive a spindle to achieve the rectilinear movement. Controlled by the controller and encoder, the serve motor can rotate at variable rates in need.
Another embodiment of the platform is to join composite prepregs under some placement force. Our apparatus comprises a table and a rotatable silicon roller coupled to the table. The roller applies force to the trip of prepreg to join the strip to a table under conditions similar to an automated tape-laying machine. In order to ensure the accuracy of the placement force, we use a force sensor and a stepper motor to build up a closed loop control.
Lastly, the apparatus has two limit switches at the end of platform to ensure the safety of the apparatus. The structure of the platform is shown in Fig.2 . 
B. PLC Control
The core component of the controller is PLC control. As the brain of the controller, PLC must have capacity to control the variable rates and placement forces at which the prepreg are laid up, and ensure the safety of the platform.
To realize the functions of the movement, we plane the speed control flow chart given in Fig.3 .The function of the conversion program is converting the linear speed(m/min) to pulse frequency(Hz).As shown in Fig.3 , the servo-motor and encoder make up a closed loop to ensure the accuracy of the rate.
According to the performance characteristics of servomotor, we must program an appropriate movement pattern, including acceleration movement, constant speed and deceleration movement. So we design a trapezoidal control pattern shown in Fig.4 .In PLC, F171 command can meet this need. Another embodiment of the platform is to supply the placement force. So we make us of a force sensor and a stepper motor to build a closed loop (Fig.1) to ensure the accuracy of the force. The stepper motor rotates to some angle to drive the crew to press the structure comprised of the rotatable roller and a force sensor by receiving the signals produced by the controler. We design the force control flow chart shown in Fig.5 . Special data register DT90052 is designed to operate the counter to reset or forbid counting. Therefore, we can set the value to control the movement of servo-motor to realize the sudden stop of the platform if wrong operations occur in the process of experiments. The program is shown in Fig.6 . After the actual test, the experimental platform designed has ability to meet demands used to have an optimization, including variable rates and placement forces at which the prepreg are laid up. Fig.8 shows the difference of the actual speed and designed speed at 1500r/min. The curve of actual speed fits designed curve very well and the max error in constant area is 17r, nearly one percent of the speed in need. Fig.9 is the placement force error curve diagram of 100N in use, the max error in diagram is ±3N, nearly five percent of the force in need. So, the experimental platform designed is able to ensure the accuracy of the parameters used to be tested.
When wrong operations occur in the process of experiments, the two limit switches has capacity to ensure the safety of the platform. The experimental platform is designed to test influences of the parameters during the laying process of prepreg to the quality of the productions. This apparatus has limited capacities to simulate the rates and placement forces at which prepreg are laid up. But, there are a number of variables influencing the tack of the prepreg and its adherence to an underlying substrate. So, it is necessary to develop a newer equipment to study influences of more parameters during lay-up of prepreg to the quailty of the products in the following research.
